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Abstract
In the present report we make an attempt to give an
answer to the question of modern cosmology about the
nature of the dark matter and energy in our universe.
On the basis of our quantum cosmological approach, pro-
posed in 1997-2002, we show that there can be two types
of collective states in the universe. One of them relates
to a gravitational field, another is connected with a mat-
ter (scalar) field which fills the universe on all stages of
its evolution. The collective excitations of the scalar
field above its true vacuum reveal themselves mainly in
the form of dark matter and energy. Under the action of
the gravitational forces they decay and produce the non-
baryonic dark matter, optically bright and dark baryons.
We have calculated the corresponding energy densities
which prove to be in good agreement with the data from
the recent observations.
1. Introduction
Modern cosmology poses the principle question about
the nature of the components of our universe. The re-
cent astrophysical observations provide the strong em-
pirical evidence that the total energy density of the uni-
verse equals to Ω0 = 1 to within 10% (in units of crit-
ical density) [1, 2]. At the same time the mean matter
density consistent with big-bang nucleosynthesis is esti-
mated by the value ΩM ≈ 0.3 [2]-[4]. It is assumed that
the density ΩM is contributed by the optically bright
baryons (Ωb ≈ 0.005) and dark matter which consists
of the dark baryons (Ωdb ≈ 0.04) and matter of uncer-
tain origin and composition (known as cold dark matter,
Ωcdm ≈ 0.3). The contribution from neutrinos is negli-
gible, Ων . 0.003. The lack of density ΩX ∼ 0.7, where
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ΩX = Ω0 −ΩM , is ascribed to so-called dark energy [3]-
[6]. Its nature is unknown and expected properties are
unusual. This dark energy is unobservable (in no way
could it be detected in galaxies), spatially homogeneous
and, as it is expected, it has large, negative pressure.
The last property should guarantee an agreement with
the present-day accelerated expansion of the universe ob-
served in measurements of type Ia supernovae [7, 8].
In this report we make an attempt to explain the mat-
ter structure of our universe on the basis of the con-
juncture that the collective excitations of previously un-
known type exist in it. At the heart of this approach
we put the quantum cosmology formulated in Refs. [9]-
[13]. It is shown that there are two types of collective
states in the quantum universe. One of them relates to
a gravitational field, another is connected with a matter
(scalar) field which fills the universe on all stages of its
evolution. The quantization of the fields which describe
the geometrical and matter properties of the universe
is made. We demonstrate that in the early epoch the
non-zero energy of the vacuum in the form of the pri-
mordial scalar field is a source of the transitions of the
quantum universe from one state to another. During
these transitions the number of the quanta of the collec-
tive excitations of the gravitational field increases and
this growth manifests itself as an expansion of the uni-
verse. The collective excitations of the scalar field above
its true vacuum reveal themselves mainly in the form of
dark (nonluminous) matter and energy. Under the ac-
tion of the gravitational forces they decay and produce
the non-baryonic dark matter, optically bright and dark
baryons and leptons. For the state of the universe with
large number of the matter field quanta the total en-
ergy density, density of (both optically bright and dark)
baryons, and density of non-baryonic dark matter are
calculated. The theoretical values prove to be in good
agreement with the data from the recent observations in
our universe.
On the system of units. In this report we use
dimensionless variables. The modified Planck values are
chosen as units of length l =
√
2G/(3π) = 0.74× 10−33
cm, mass/energy mp =
√
3π/(2G) = 2.65 × 1019
GeV, and time tp =
√
2G/(3π) = 2.48 × 10−44
sec, where ~ = c = 1. The unit of density is
ρp = 3/(8πGl
2) = 9
16
ρpl, where ρpl is the standard
Planck density. The scalar field φ is measured in units
φp =
√
3/(8πG) = l
√
ρp, while the potential V (φ) in
ρp.
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2. Quantum equation of motion
Let us consider a homogeneous, isotropic and closed
universe filled with primordial matter in the form of
the uniform scalar field φ. The potential V (φ) of this
field will be regarded as a positive definite function of
φ. The quantum analog of such universe is described by
the equation [9] -[13]
2 i ∂TΨ =
[
∂2a −
2
a2
∂2φ − U
]
Ψ , (1)
where its wavefunction Ψ(a, φ, T ) depends on the scale
factor a (0 ≤ a < ∞), the scalar field φ (−∞ < φ <
∞), and the time variable T (−∞ < T < ∞). The
last is related to the synchronous proper time t by the
differential equation dt = a dT [9, 10]. The functional
U = a2 − a4 V (φ) (2)
plays the role of an effective potential of the interaction
between the gravitational and matter fields. It should
be emphasized that the equation (1) is not an ordinary
Schro¨dinger equation with a potential (2). It is a con-
straint equation for the wavefunction (see, e.g., [14, 15]).
The famous Wheeler-DeWitt equation for the minisu-
perspace model (the wavefunction depends on the finite
number of variables) is the special case (∂TΨ = 0) of
the more general equation (1). The discussion of the
possible solutions of this equation, their interpretation,
and the corresponding references can be found in the
Reviews [16, 17]. In the region a2V > 1 the solutions of
the Wheeler-DeWitt equation and the solutions of (1) as
well can be associated with the exponential expansion of
the universe [9, 13, 18].
A general solution of (1) can be represented by a su-
perposition
Ψ(a, φ, T ) =
∫ ∞
−∞
dE e
i
2
ET C(E)ψE(a, φ) (3)
of the states ψE which satisfy a stationary equation(
− ∂2a +
2
a2
∂2φ + U − E
)
ψE = 0, (4)
where E is the eigenvalue. It has a physical dimension of
action, while here it is written in units ~/2. The function
C(E) characterizes the distribution in E of the states of
the universe at the instant T = 0.
Let us compare (1) and (4) with the corresponding
Schro¨dinger equations. It is well known that when a
Hamiltonian does not depend explicitly on the time vari-
able the quantum system is described by the states with
the time-dependence in the form exp(−iEt). The time
variable t and the classical energy E can be related with
each other through the formal transformation E → i ∂t
[19, 20]. In the case of quantum cosmology there is an
analogous formal transformation between the classical
parameter E, which enters into the energy-momentum
tensor of radiation
T˜ 0
0
=
E
a4
, T˜ 1
1
= T˜ 2
2
= T˜ 3
3
= − E
3 a4
,
T˜ µν = 0 for µ 6= ν, (5)
and the time variable T , E → − 2 i ∂T (minus originates
from the specific character of the gravitational problem,
while the additional factor 2 results from the choice of
units). This analogy demonstrates that the role, played
in ordinary quantum mechanics by the time variable t, is
assumed by the variable T . Thus in the framework of the
minisuperspace model the equation (1) solves the prob-
lem of correct definition of the time coordinate in quan-
tum cosmology. The role of time in quantum gravity
and the difficulties with the introduction of time variable
suitable for the description of the dynamics in quantum
cosmology are elucidated in the Reviews [15, 16].
The effective potential U has the form of barrier of the
finite width and height in the variable a. Therefore it is
convenient to represent the solution of (4) in the form
ψE(a, φ) =
∫ ∞
−∞
dǫ ϕǫ(a, φ) fǫ(φ;E), (6)
where the function ϕǫ satisfies the equation(− ∂2a + U − ǫ)ϕǫ = 0. (7)
The eigenvalue ǫ and eigenfunction ϕǫ depend paramet-
rically on φ. The functions ϕǫ describe the states of the
continuous spectrum. Using the explicit form of the so-
lution of (7) in the region a2V ≫ 1 [9, 13], it is easy
to show that the functions ϕǫ can be normalized by the
condition∫ ∞
0
da ϕ∗ǫ (a, φ)ϕǫ′(a, φ) = δ(ǫ− ǫ′). (8)
Then the function fǫ will satisfy the equation
∂2φfǫ +
∫ ∞
−∞
dǫ′Kǫǫ′ fǫ′ = 0, (9)
where the kernel
Kǫǫ′(φ;E) =
∫ ∞
0
da ϕ∗ǫ ∂
2
φϕǫ′ (10)
+2
∫ ∞
0
da ϕ∗ǫ ∂φϕǫ′∂φ +
1
2
(ǫ′ − E)
∫ ∞
0
da ϕ∗ǫ a
2ϕǫ′ .
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This equation can be reduced to a solvable form if one
defines concretely the problem. In order to find the func-
tion ψE , the equation (4) must be supplemented with the
boundary condition. The solutions which describe the
quasistationary states (with ǫ = ǫn + iΓn, where ǫn and
Γn are the positions and widths of the levels with the
numbers n = 0, 1, 2 . . .) are the most interesting. The
waves ϕǫ outgoing toward greater values of a correspond
to such states [9, 10, 13].
Just as in classical cosmology which uses a model of
the slow-roll scalar field [17, 21], in quantum cosmology
based on the equation (1) it makes sense to consider a
scalar field φ which slowly evolves into its true vacuum
state, V (φvac) = 0, from some initial state φ = φstart,
where V (φstart) ∼ ρpl.
For the slow-roll potential V , when |d lnV/dφ|2 ≪ 1,
the function ϕǫ describes the universe in the adiabatic
approximation. In this case one can separate the slow
motion (with respect to the variable φ) from the rapid
one (with respect to the variable a) in the universe. This
means that the universe expands (or contracts) more
rapidly than the state of matter has time to change.
The calculations demonstrate [10, 11, 13] that the first
(n = 0) quasistationary state appears when V decreases
to Vin = 0.08 = 0.045ρpl. It has the parameters: ǫ0 =
2.62 = 1.31~, Γ0 = 0.31 = 1.25× 1043 s−1. The lifetime
of the universe in this state, τ = 0.8 × 10−43 s, is three
times greater than the Planck time tp. The instant of
the origination of the first quasistationary state can be
taken as a reference point of time against the scale of T .
A further decrease of V leads to an increase of the
number of quasistationary states of the universe. The
levels which have emerged earlier shift towards the os-
cillator values ǫ0n = 4n+3 which they would have in the
limit V → 0 (see below), while their widths
Γn ≈ exp
{
−2
∫ a2
a1
da
√
U − ǫn
}
at Γn ≪ ǫn (11)
decrease exponentially. Here a1 < a2 are the turning
points specified by the condition U = ǫn. As a result
the lifetime of the universe in one of such states is many
orders greater than the Planck time and at V ∼ 10−122
it reaches the values τ ∼ 1061 ∼ 1017 s comparable with
the age of our universe.
3. Collective states of the gravitational field
Within the lifetime the state of the universe can be
considered with a high accuracy as a stationary state
which takes the place of a quasistationary one when its
width becomes zero [22]. Taking into account that such
states emerge at V ≪ 1, while in the prebarrier region
(a < a1) a
2V < 1 always, the solutions of (7) can be
written in the form of expansion in powers of V on the
interval ∆φ = |φvac − φstart|. We have
ϕn = |n〉 − V
4
[
1
8
√
N(N − 1)(N − 2)(N − 3) |n− 2〉
+
√
N(N − 1)
(
N − 1
2
)
|n− 1〉
−
√
(N + 1)(N + 2)
(
N +
3
2
)
|n+ 1〉
− 1
8
√
(N + 1)(N + 2)(N + 3)(N + 4) |n+ 2〉
]
− O(V 2) (12)
for the wavefunction and
ǫn = ǫ
0
n −
3
4
V [2N(N + 1) + 1]−O(V 2) (13)
for the position of the level, where N = 2n + 1. Here
|n〉 is the eigenfunction, ǫ0n = 2N +1 is the eigenvalue of
the equation for an isotropic oscillator with zero orbital
angular momentum
(−∂2a + a2 − ǫ0n) |n〉 = 0. (14)
The wavefunction 〈a|n〉 describes the geometrical
properties of the universe as a whole. Since the grav-
itational field is considered as a variation of space-time
metric [23], then this wavefunction also characterizes the
quantum properties of the gravitational field which is
considered as an aggregate of the elementary excitations
of a quantum oscillator (14). It should be emphasized
that in this approach the role of the dynamic variables
is taken by the variables (a, φ) of the minisuperspace
and after the quantization such elementary excitations
cannot be identified with gravitons. Introducing the op-
erators
A† =
1√
2
(a− ∂a), A = 1√
2
(a+ ∂a), (15)
the state |n〉 can be represented in the form
|n〉 = 1√
N !
(A†)N |vac〉, A |vac〉 = 0,
|vac〉 =
(
4
π
)1/4
exp
{
−a
2
2
}
. (16)
Since A† and A satisfy the ordinary canonical commu-
tation relations, [A,A†] = 1, [A,A] = [A†, A†] = 0, then
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one can interpret them as the operators for the creation
and annihilation of quanta of the collective excitations of
the gravitational field (in the sense indicated above). We
shall call it g-quantum. The integer N gives the number
of g-quanta in the n-th state of the gravitational field.
For clearness we rewrite (14) in the physical units us-
ing for this purpose the Hamiltonian from [9],
(
− ~
2
2mp
∂2R +
kp
2
R2
)
ψn(R) = Enψn(R), (17)
where R = la is a “radius” of the curved universe, while
kp = (mp c
2)3 (~ c)−2 can be called a “stiffness coefficient
of space (or gravitational field)”. Its numerical value is
kp = 4.79× 1085GeV/cm2 = 0.76× 1083 g/s2.
According to (17) the states (16) can be interpreted
as those which emerge as a result of motion of some
imaginary particle with the mass mp and zero orbital
angular momentum in the field with the potential energy
U(R) = kpR
2/2. This motion causes the equidistant
spectrum of energy En = ~ωp
(
N + 1
2
)
= 2 ~ωp
(
n+ 3
4
)
,
where ~ωp = mp c
2 is the energy of g-quantum, ωp = t
−1
p
is the oscillation frequency.
In the quantum cosmological system of the most gen-
eral type which is a superposition of the waves ϕǫ in-
cident upon the barrier and scattered by the barrier
[9, 10, 13], it occurs the formation of the fundamen-
tally new state as a result of a slow decreasing of the
potential V (vacuum energy density [16, 17]). When
the potential V reaches the value Vin the wave ϕǫ with
ǫ ≈ ǫ0 penetrates into the prebarrier region [13] and
it results in the transition of the cosmological system
to a quasistationary state. In this state the system is
characterized by the expectation values of the scale fac-
tor 〈ϕ0|a|ϕ0〉 = 1.25 = 0.93 × 10−33 cm and total en-
ergy density ρn=0 = 1.16 = 0.65ρpl = 3.35× 1093 g/cm3
[10, 13]. These parameters are of Planck scale. Such a
new formation has a lifetime which exceeds the Planck
time and one can consider it as a quantum cosmological
system with well-defined physical properties. We call
it the quantum universe. Such universe can evolve by
means of a change of its quantum state. In every quan-
tum state it can be characterized by the energy density,
observed dimensions, lifetime (age), proper dimensions
of non-homogeneities of the matter density, amplitude of
fluctuation of radiation temperature, power spectrum of
density perturbations, angular structure of the radiation
anisotropies, deceleration parameter, total entropy, and
others [13].
The interaction of the gravitational field with a vac-
uum which has a non-zero energy density (V (φ) 6= 0)
in the range ∆φ results in the fact that the wavefunc-
tion (12) is a superposition of the states |n〉, |n± 1〉 and
|n± 2〉. From (12) and (13) it follows that the quantum
universe can be characterized by a quantum number n.
The physical state |n〉 (16) is chosen so that |0〉 de-
scribes an initial state of the gravitational field. From
the point of view of the occupation number representa-
tion there is only one g-quantum in such state. When
the gravitational field transits from the state |n〉 into
the neighbouring one |n + 1〉 two g-quanta are created,
while the corresponding energy increases by 2 ~ωp. In
the inverse transition two g-quanta are absorbed and
the energy decreases. The transitions with the cre-
ation/absorbation of one g-quantum are forbidden. The
vacuum state |vac〉 in (16) describes the universe with-
out any g-quantum.
The g-quanta are bosons. Since the probability of the
creation of a boson per unit time grows with the increase
in number of bosons in a given state [19], then an anal-
ogous effect must reveal itself in the quantum universe
during the creation of g-quanta. As 〈a〉 ∼
√
(N + 1)/2,
where the brackets denote the averaging over the states
ϕn, then the growth in number N of g-quanta (or num-
ber of levels n) means the increase in expectation value
of the scale factor. In other words the expansion of the
universe reflects the fact of the creation of g-quanta (un-
der the transition to a higher level). The increase in
probability of the creation of these quanta per unit time
leads to the accelerated expansion of the universe. This
phenomenon becomes appreciable only when n reaches
the large values. The observations of type Ia supernovae
provide the evidence that today our universe is expand-
ing with acceleration [4, 7, 8]. The qualitative explana-
tion of this phenomenon mentioned above is confirmed
by the concrete quantitative calculations of the decelera-
tion parameter [13]. On this point the theory is in good
agreement with the measurements of type Ia supernovae.
When the potential V decreases to the value V ≪ 0.1
the number of available states of the universe increases
up to n ≫ 1. By the moment when the scalar field
will roll in the location where V (φvac) = 0 the universe
can be found in the state with n ≫ 1. This can occur
because the emergence of new quantum levels and the
(exponential) decrease in width of old ones result in
the appearance of competition between the tunneling
through the barrier U and allowed transitions between
the states, n → n, n ± 1, n ± 2. A comparison be-
tween these processes demonstrates [9, 10, 13] that the
transition n → n + 1 with creation of g-quanta is more
probable than any other allowed transitions or decay.
The vacuum energy of the early universe originally
4
stored by the field φ with a potential V (φstart) is a
source of transitions.
4. Collective states of the matter field
According to accepted model the scalar field φ de-
scends to the state with zero energy density, V (φvac) =
0. Then the field φ begins to oscillate with a small am-
plitude about equilibrium vacuum value φvac. We shall
describe these new states of the quantum universe as-
suming that by the moment when the field φ reaches the
value φvac the universe transits to the state with n≫ 1.
This means that the “radius” of the universe has become
〈a〉 > 10 l. The wavefunction of the universe in the state
with a given n takes the following form up to the terms
∼ O(V 2)
ψn(a, φ) = 〈a|n〉 fn(φ;E) at n≫ 1, (18)
where the function fn satisfies the equation[
∂2x + z − V (x)
]
fn = 0. (19)
Here x =
√
m/2 (2N)3/4 (φ − φvac) characterizes the
deviation of the field φ, z = (
√
2N/m) (1− E/(2N)) ,
V (x) = (2N)3/2 V (φ)/m, and m is a dimensionless
parameter which it is convenient to choose as m2 =[
∂2φV (φ)
]
φvac
. The formulae (18) and (19) follow from
(6), (9), and (12) if one takes into account resonance
behaviour of the wave ϕǫ at ǫ = ǫn [11, 13].
Since 〈a〉 =
√
N/2, where averaging was performed
over the states (18), then V (x) is a potential energy of
the scalar field contained in the universe with the volume
∼ 〈a〉3. Expanding V (x) in powers of x we obtain
V (x) = x2 + αx3 + β x4 + . . . , (20)
where the parameters
α =
√
2
3
λ
m5/2
1
(2N)3/4
, β =
1
6
ν
m3
1
(2N)3/2
, (21)
and λ =
[
∂3φV (φ)
]
φvac
, ν =
[
∂4φV (φ)
]
φvac
. Since N ≫
1, then the coefficients |α| ≪ 1 and |β| ≪ 1 even at
m2 ∼ λ ∼ ν. Therefore the equation (19) can be solved
using the perturbation theory for stationary problems
with a discrete spectrum. We take for the state of the
unperturbed problem the state of the harmonic oscillator
with the equation of motion
[
∂2x + z
0 − x2] f0n = 0. (22)
In the occupation number representation one can write
f0ns =
1√
s!
(B†n)
sf0n0, Bn f
0
n0 = 0,
f0n0(x) =
(
1
π
)1/4
exp
{
−x
2
2
}
(23)
with z0 = 2s+ 1, where s = 0, 1, 2 . . ., and
B†n =
1√
2
(x− ∂x), Bn = 1√
2
(x+ ∂x). (24)
Here B†n (Bn) can be interpreted as the creation (annihi-
lation) operator which increases (decreases) the number
of quanta of the collective excitations of the scalar field
in the universe in the n-th state. We shall call them the
matter quanta. The variable s is the number of matter
quanta in the state n ≫ 1. It can be considered as an
additional quantum number.
Using (19), (20) and (23) we obtain
z = 2s+ 1 +∆z, (25)
where
∆z =
3
2
β
(
s2 + s+
1
2
)
− 15
8
α2
(
s2 + s+
11
30
)
− β
2
16
(
34s3 + 51s2 + 59s+ 21
)
(26)
takes into account a self-action of matter quanta. In
order to determine the physical meaning of the quantities
which enter the equation (19) with the potential (20) we
rewrite it in the ordinary physical units,(
− ~
2
2µ
∂2r +
1
2
µω2r2 + E1
(r
l
)3
+ E2
(r
l
)4
+ . . .− E) fn(r) = 0, (27)
where we denote µ = mpm
−1, r = l x, ω = mt−1p , E1 =
mmp c
2 α/2, E2 = mmp c2 β/2, E = mmp c2 z/2. Here
l =
√
~/(µω) is the Planck length. According to (27) an
imaginary particle with a mass µ performs the anhar-
monic oscillations and generates the energy spectrum
E = ~ω
(
s+
1
2
+
∆z
2
)
, (28)
where ~ω = mmp c
2 is the energy of matter quantum,
and m can be interpreted as its mass (in units mp). The
quantity
M = m
(
s+
1
2
)
+∆M, (29)
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where ∆M = m∆z/2, is a mass of the universe with
s matter quanta. Since we are interested in large
values of s, then for the estimation of ∆M let us
assign the values s ∼ 1080 and n ∼ 10122. These
parameters describe our universe, where s is equal to
the equivalent number of baryons in it and 〈a〉 ∼ 1028
cm is a size of its observed part [11, 12]. In this case
∆M ∼ O ((ν/m2)10−24, (λ/m2)210−24). Hence when
the number of the matter quanta becomes very large
their self-action can be a fortiori neglected.
5. The matter structure of the quantum
universe
In the early epoch (on the interval ∆φ) there are no
matter in the ordinary sense in the universe, since the
field φ is only a form of existence of the vacuum, while
the vacuum energy density is decreasing with time. In
spite of the fact that V (φvac) = 0, the average value
〈V 〉 6= 0. It contributes to the vacuum energy density
in the epoch when the matter quanta are created and
determines the cosmological constant Λ = 3 〈V 〉. The
universe is filling with matter in the form of aggregate
of quanta of the collective excitations of the primordial
scalar field.
Let us consider the possible matter structure of the
universe from the point of view of quantum cosmology.
For this purpose we change from the quantum equation
(4) to the corresponding Einstein equation for homoge-
neous, isotropic, and closed universe filled with the uni-
form matter and radiation. Averaging over the states
ψE we obtain the Einstein-Friedmann equation in terms
of the average values
(
∂t〈a〉
〈a〉
)2
= 〈ρ〉 − 1〈a〉2 , (30)
where we have neglected the dispersion, 〈a2〉 ∼ 〈a〉2, and
〈a6〉 ∼ 〈a〉6. The average value
〈ρ〉 = 〈V 〉+ 2〈a〉6 〈−∂
2
φ〉+
E
〈a〉4 (31)
is a total energy density in some fixed instant of time
with the Hubble constantH0 = ∂t〈a〉/〈a〉. The first term
is the energy density of the vacuum with the equation of
state pv = −ρv = −〈V 〉, the second term is the matter
energy density, while the last describes the contribution
of the radiation.
Using the wavefunction (18) and passing in (16) and
(23) to the limit of large quantum numbers, for the en-
ergy densities of the vacuum Ωv and matter Ωqm we
obtain (in units of critical density ρc = H
2
0
)
Ωv =
M
12〈a〉3H2
0
, Ωqm =
16M
〈a〉3H2
0
, (32)
where M = m
(
s+ 1
2
)
is the mass of the universe with
“radius” 〈a〉 =
√
N/2. From the definition of z in (19)
it follows that 〈a〉 = M + E/(4〈a〉). For the matter-
dominant era, M ≫ E/(4〈a〉), from (30) and (32) we
find
Ω = 1.066, Ωv = 0.006, Ωqm = 1.060, (33)
where Ω = 〈ρ〉H−2
0
. From (33) it follows that the quan-
tum universe in all states with n ≫ 1 and s ≫ 1 looks
like spatially flat. A main contribution to the energy
density of the universe is made by the collective excita-
tions of the scalar field above its true vacuum. The total
density Ω can be compared with the present-day density
of our universe, Ω0 = 1± 0.12 [1] or Ω0 = 1.025± 0.075
[2].
The matter quanta are bosons. They have non-zero
mass/energy, while their state according to (23) depends
on the state of the gravitational field. This means that
the matter quanta are subject to the action of gravity.
Due to this fact they can decay into the real particles (for
example, baryons and leptons) that have to be present in
the universe in small amount (because of the weakness
of the gravitational interaction). The main contribution
to the energy density will still be made by the matter
quanta.
In order to make a numerical estimate we consider the
matter quanta (φ) decay scheme
φ→ b+ n→ φ′ + ν + p+ e− + ν¯. (34)
The daughter quantum b decays into the quantum φ′ of
the residual excitation, which reveals itself in the uni-
verse in the form of the non-baryonic dark matter, and
neutrino ν, which takes away the spin and main part of
the energy of the kinetic motions of the particles after
the decay of the quantum φ. The density of (optically
bright and dark) baryons equals to
ΩB =
16 s¯mproton
〈a〉3H2
0
, (35)
where mproton = 0.938 GeV is a proton mass and s¯ is an
average number of the quanta φ which decay during the
time interval ∆t. Taking into account (32) we find
ΩB = Ωqm
√
3π
2g
mproton
mp
(1− exp {−Γtot∆t}) , (36)
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7where Γtot is the mean probability of the decay on the
time interval ∆t, g = Gm2 is the gravitational coupling
constant for the quantum φ with mass m.
It is obvious that calculating Γtot one must take into
account both vertices of the decay (34) with the same ac-
curacy. On the order of magnitude, the correct result can
be obtained in a first approximation which parametrizes
the vertices by the corresponding coupling constants.
Then assuming that the decay φ → φ′ ν n is caused by
the action of the gravitational forces, for the mean prob-
ability of the decay we find a simple expression
Γtot = α g∆m, (37)
where α is a fine-structure constant, ∆m = 1.293 MeV
is a difference in masses of neutron and proton. Since
we are interested in matter density in the universe to-
day, then we choose ∆t equal to the age of the universe,
∆t = 14 Gyr [3]. Then substituting (37) in (36) and
using the numerical values of the parameters we find the
dependence of the density ΩB on the coupling constant
g. The function ΩB(g) obtained in such approach van-
ishes at g = 0 and tends to zero as g−1/2 at g → ∞. It
has one maximum,
ΩB = 0.128 at g = 20× 10−38. (38)
The mass of matter quantum φ corresponding to such
coupling constant is equal to m = 5.459 GeV. The den-
sity of the non-baryonic dark matter is
Ω• = ΩB
mφ′
mproton
, (39)
where, according to (34), mφ′ = m − mn − mν − Q is
a mass of the quantum φ′, mν ≡ m2ν/(2 pν), mν and
pν are the neutrino mass and momentum, Q is the en-
ergy of the relative motion of all particles. Since the
contribution from Ω• to the matter density ΩM of our
universe is not at least smaller than ΩB [2]-[4], then
the mass mφ′ can possess the values within the limits
0.938GeV ≤ mφ′ ≤ 4.519GeV depending on the value of
Q. Such particles are non-relativistic and non-baryonic
dark matter is classified as cold. Hence we find
0.128 ≤ Ω• ≤ 0.617 . (40)
Correspondingly the total matter density ΩM = ΩB+Ω•
can possess any values within the limits
0.256 ≤ ΩM ≤ 0.745 . (41)
A spread in theoretical values of the densities Ω• and ΩM
is caused by the fact that the energy Q is an undefined
parameter of the theory. With the regard for this remark
one can compare (41) with the matter density of our
universe [3]: 0.2 . ΩexpM . 0.4, where a spread in values
is related with inaccuracy of measurements. We accept
as an illustration the value ΩM ≈ 0.3 which is in good
agreement with theoretical calculation (41). Then we
find Ω• ≈ 0.172, mφ′ ≈ 1.260 GeV and Q ≈ 3.259 GeV.
Such kinetic energy corresponds to the temperature T ≈
3.78× 1013 K. This temperature can be in the primary
plasma in the early universe at ∆t ∼ 10−7 s.
According to (33) and (41) the residual density ΩX =
Ωqm − ΩM can possess the values within the limits
0.315 ≤ ΩX ≤ 0.804 . (42)
The observations in our universe give the restriction
0.6 . ΩexpX . 0.8 [3]. These values agree with (42),
where, however, a spread in values is related with the
uncertainty in Q as in (41).
In our approach according to (31), (32), (35), and (39)
the residual density ΩX has only dynamical nature and
it can be attributed to the optically dark (nonluminous)
energy.
In conclusion we note that the present-day density of
optically bright and dark baryons in our universe is es-
timated as ΩexpB = Ωb + Ωdb ∼ 0.045 [2]-[4]. This value
does not contradict with (38), since the latter determines
the maximum possible baryon matter density.
The experimental value of the cold dark matter den-
sity Ωcdm ∼ 0.3 falls within the limits of its theoretical
counterpart (40). The density of the optically bright
baryons can be estimated as Ω∗ =
1
16
ΩB. Then accord-
ing to (38) the contribution from the optically bright
baryons must not exceed Ω∗ ∼ 0.008. This value is in
good agreement with the evidence from the bright stars
observations Ω∗ ∼ 0.005 [4, 24].
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